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Abstract: Nanotechnology, a rapidly evolving science, has generated game-changing breakthroughs in the 
industrial, medical, and consumer industries. Engineered nanoparticles (NP) are extremely attractive in a 
range of applications due to their unique physicochemical and electrical characteristics. Changes in NP's 
structural and physicochemical properties can alter their biologically active compounds, along with the 
generation of free radicals (ROS), one of the most widely documented Nano particle-related toxins. Cellular 
parameters such as surface of the particle, size, contents of composition, and metal content produce oxidative 
stress, whereas cellular responses such as mitochondrial functions, Nanomaterials cell contact, and immune 
cell activation cause ROS-mediated destruction. It's crucial to understand how NP influences the ROS 
response although the oxidative stress is a key predictor of Nanoparticle induced damage. It may be possible 
to develop a comprehensive toxicity screen that uses oxidative stress as a prediction model for nanoparticle 
damage, as well as a better understanding of the multiple signalling cascades activated by nanomaterials ROS..                                                      
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Introduction 

The extensive use of nanoparticles raises worries 
about unintended human exposure and the 
resulting negative health impacts (Donaldson, 
Murphy, Duffin, & Poland, 2010). (Shvedova, 
Pietroiusti, Fadeel, & Kagan, 2012). Only a little 
amount of study has been done to investigate the 
possible harmful consequences of these modified 
NM, in comparison to the expanding economic 
interest in NM. The vast range of physicochemical 
features of NM, including structural and elemental 
composition, makes assessing their dangerous 
consequences complicated and time-consuming 
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(Ju-Nam & Lead, 2008; Sattler, 2010)  (Sattler, 
2010). The majority of research to date has 
revealed that NP toxicity is commonly associated 
with ROS production (which will be beneficial or 
detrimental during its biological interactions) and 
oxidative stress (Nel, Xia, Madler, & Li, 2006).  
Because several of NP intrinsic features can 
accelerate the generation of ROS, 
physicochemical characterization of nanoparticles, 
including particle size, its surface charge density, 
and its chemical composition, is a critical 
indication for the resultant ROS response and 
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Nanoparticle produced damage (Shvedova et al., 
2012).  

CNT-induced oxidative stress activates cell 
signaling pathways giving rise in the production of 
proinflammatory and fibrotic cytokines NP-
mediated ROS responses had been related to a 
multitude of negative effects, including 
genotoxicity, fibrosis, inflammation, and 
carcinogenesis (Li, Muralikrishnan, Ng, Yung, & 
Bay, 2010).  Some NP have been proven to 
stimulate inflammatory reactions including 
neutrophils and macrophages, resulting in a rise in 
the formation of reactive oxygen species (Zhang, 
Berg, Levanon, Fessenden, & Meisel, 2003) 
(Kennedy, Wilson, & Barakat, 2009).  The process 
for ROS synthesis differs for each nanoparticle, 
and the actual underlying cellular mechanisms and 
for ROS creation is yet unknown (Fubini & 
Hubbard, 2003) (Y.-W. Huang, Wu, & Aronstam, 
2010). However, ROS formation is not necessary 
for NP-induced toxicity, as a different publications 
had documented nanoparticle toxicity without 
producing ROS (He et al., 2011). 

 
Oxidative Stress 

An mismatch among reactive species, often 
known as free radicals, and antioxidants (Finaud, 
Lac, & Filaire, 2006). 

• Cells can balance the synthesis of oxidants 
and antioxidants under normal 
circumstances. 

• Free radicals are reactive chemicals that the 
human body naturally produces. 

• They can have both beneficial and harmful 
effects (for example, on the immunological 
system) (e.g. lipids, proteins or DNA 
oxidation). 

• Physical activity also causes changes in 
homeostasis by increasing oxidative stress. 

• Furthermore, oxidative stress appears to 
have a role in muscle exhaustion, which 
might contribute to overtraining. 

• When our cells are out of equilibrium owing 
to an increase in amount of free radicals or 
a reduction in antioxidants, we call it 
oxidative stress. 

• Oxidative stress disrupts the development 
of cellular structures by causing structural 
alterations in the cell wall. It also resulted in 
a change in function and, finally, death. 

 

Most Common Causes of Oxidative Stress 
(Finaud et al., 2006) 

Endogenous Sources 

Immune cell activation, Inflammation, Mental 
stress, Body's natural utilization of oxygen as 
breathing and some cell-mediated immune 
processes 
 

Exogenous Sources 

Exogenous sources like pollutants in the 
environment, cigarette smoking and radiations 
 

Oxidative Stress Effects in the Body 

An excess of reactive oxygen species (ROS) can 
cause potentially harmful cellular reactions, 
culminating in the oxidative stress syndrome. It's 
caused by a mismatch between ROS generation 
and a biological system's ability to quickly detoxify 
reactive intermediates or repair the harm . Cells 
can engage enzymatic and nonenzymatic 
antioxidant mechanisms to counteract the 
excessive ROS response (Sies, 1991). To illustrate 
a mechanism for NP-mediated oxidative stress, 
the hierarchical model of oxidative stress was 
presented (Y.-W. Huang et al., 2010).  According 
to this hypothesis, when cells and tissues are 
exposed to NP, antioxidant enzyme systems 
respond to increased levels of oxidative stress. 
Nuclear factor (erythroidderived 2)-like 2 (Nrf2) 
stimulation causes transcriptional activation of 
phase II antioxidant enzymes after moderate 
oxidative stress. A proinflammatory response is 
mounted at an intermediate level via the redox-
sensitive mitogen-activated protein kinase 
(MAPK) and nuclear factor kappa-light-chain 
enhancer of activated Bcells (NF-B) cascades. 
Extremely high levels of oxidative stress, on the 
other hand, cause mitochondrial membrane 
breakdown and electron chain malfunction, which 
leads to cell death. Extremely high levels of 
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oxidative stress, on the other hand, cause 
mitochondrial membrane breakdown and electron 
chain malfunction, which leads to cell death. The 
depletion of antioxidants or the enhanced 
generation of reactive oxygen species (ROS) are 
two main mechanisms that promote the 
prooxidant effects of modified NM. Peroxide and 
free radical generation is increased when the usual 
redox state is disrupted, which has negative 
consequences for cell components such as 
proteins, lipids, and DNA (C.-C. Huang, 
Aronstam, Chen, & Huang, 2010). Because of its 
chemical reactivity, oxidative stress may cause 

DNA damage, lipid peroxidation, and signalling 
network activation, all of which are linked to cell 
death, fibrosis, and carcinogenesis (Knaapen, 
Borm, Albrecht, & Schins, 2004). Apart from 
cellular damage, ROS can be produced by NP 
interactions with a variety of biological targets as a 
result of cell respiration, metabolism, 
ischemia/reperfusion, inflammation, and NM 
metabolism. Airway inflammation and interstitial 
fibrosis are caused by oxidative stressors caused 
by occupational NM exposures as well as 
experimental challenges with different NP (Valko, 
Rhodes, Moncol, Izakovic, & Mazur, 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Cellular Responses to Oxidative Stress Generated by Nanoparticles 

 
Generation of ROS  

Within the cell, ROS are produced either internally 
or extrinsically (Risom, Møller, & Loft, 2005). 
ROS are reactive oxygen species, which are 
important signalling molecules in cell signalling 
and homeostasis. Superoxide anion (O2), hydroxyl 
radical (OH), hydrogen peroxide (H2O2), singlet 
oxygen (1 O2), and hypochlorous acid (HOCl) are 
only few of the oxidative species that make up 
ROS. Through one-electron reduction mediated 
by nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase, molecular oxygen produces 
O2, the principal ROS. By dismutation and metal-

catalyzed Fenton reaction, further oxygen 
reduction might result in H2O2 or OH (Vallyathan 
& Shi, 1997)  

Exogenous ROS inducers include artificial 
NM and environmental toxins, where endogenous 
ROS sources include mitochondrial respiration, 
inflammatory response, microsomes, and 
peroxisomes. ROS are created in trace levels in 
the body in response to numerous stimuli. Free 
radicals are produced as byproducts of 
mitochondrial respiration and Fenton-type 
processes mediated by transition metal ions 
(Thannickal & Fanburg, 2000). As a defensive 
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strategy against environmental contaminants, 
tumour cells, and microorganisms, inflammatory 
phagocytes such as neutrophils and macrophages 
cause oxidative outburst (Risom et al., 2005). One 
of the main mechanisms of cytotoxicity is the 
production of reactive oxygen species (ROS) by a 
variety of NP, including metal oxide particles. The 
formation of free radicals by NP has been shown 
to affect intracellular calcium concentrations, 
activate transcription factors, and modify cytokine 
production (C.-C. Huang et al., 2010). 
 

Nanoparticle-Induced Oxidative Stress 

Various nanomaterials, including as 
fullerenes,metal oxides and carbon nanotubes, 
have been found to cause oxidative stress 
(Vallyathan & Shi, 1997).The early event that leads 
to NP-induced damage is the production of 
reactive oxygen species (ROS) and oxidative 
stress.The physicochemical reactivity of NP, 
including metal-based particles and fibrous CNT, 
correlates to oxidative stress . 
 

The important factors in NP-induce oxidative 
stress are: (Bonner, 2007) 

• On the reactive surface of NP, there are 
prooxidant functional groups. 

• Transition metal-based NPs cause active 
redox cycling on the surface of NPs. 

• Interactions between particles and cells 
 

Oxidative Stress is the Fundamental 
Mechanism of NP Toxicity 

Free radicals generated when singular radical binds 
to the the surface of nanoparticles. On quartz 
particles, surface bound radicals such as [SiO] and 
SiO2 are responsible for the generation of ROS 
such as OH and O2 (Fubini & Hubbard, 2003). 
Because of their surface characteristics, 
Nanoparticle i.e. Si and Zn having same particle 
size or shape produces multiple cytotoxicity 
responses. Because ZnO is more chemically active 
than SiO2, it produces more oxygen, resulting into 
oxidative stress .Free radicals can be produced as 
free entities into aqueous solution or directly 

bound to the NP surface. The release of metal ions 
during NP dissolution can boost the ROS 
response (Knaapen et al., 2004) (Fubini & 
Hubbard, 2003). Oxidative stress caused by NP 
exposure includes mitochondrial function, 
necrosis, activation of the NADPH oxidase 
system, disruption of calcium homeostasis, and 
deficiency of antioxidant enzymes. The 
stimulation of cell signalling pathways, chemokine 
and inflammatory cytokine production, and 
particular transcription factor activation are all 
aided by the NP-driven ROS response. The 
activation of these cellular pathways is linked to 
the transcription of genes implicated in 
inflammation, genotoxicity, fibrosis, and cancer, 
suggesting that the side effects of NP exposure 
may be due to ROS production (Sioutas, Delfino, 
& Singh, 2005; Xia et al., 2006). 
 

Particle-Cell Interactions as a Source of 
Oxidants 

In contrast to self-oxidative nature, NP engages to 
the cells and generates pro-oxidant effects via 
internalized ROS formation that includes 
mitochondrial function and intiation of NADPH-
like enzyme reactions (Driscoll et al., 2001). The 
cellular redox mechanism in the lungs, where 
leukocytes such as phagocytic cells and 
neutrophils act as direct ROS stimulants, can be 
activated by nanoparticles (Fadeel & Kagan, 2003).  

Some of the NP physicochemical features are 
responsible for the phagocytic oxidative outburst. 
ROS itslef induced inflammation was linked to the 
particles' surface-based radical producing 
characteristics in the case of quartz and silica 
particles. Furthermore, chemical adsorption onto 
the NP surface, such as organic debris, may 
contribute to inflammation-induced oxidative 
stress (Sies, 1991). 
 

Apoptosis within Metal Nanoparticles and 
Mechanism of ROS 

The induced oxidative cell death caused by NP has 
been related to apoptosis as a crucial mechanism. 
Since mitochondria are among the primary targets 
for NP-induced peroxidation, the intrinsic 
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pathway apoptosis cascade plays an important role 
in metallic NP-induced apoptosis. (Hsin et al., 
2008). 

 Elevated concentrations of ROS in the 
mitochondrial may destroy lipid membranes, 
resulting in depression of the mitochondrial 
matrix. A tiny amount of electrons leave the 
mitochondrial chain and unite with molecular 
oxygen to create O2, which is then converted to 
H2O2 or partially decreased to the toxic [OH]-  (Xia 
et al., 2006). By inhibiting its electron transport 
chain or speeding electron transfer into molecular 
oxygen, NP can accelerate O2 production (Lenaz, 
2001). 

 
Carbon Nanotubes 

CNTs are one of advanced materials along with 
their vast range of uses make its unique physical, 
chemical, and electrical properties.The structure 
of CNTs makes it easier for them to enter, deposit, 
and stay in the lungs and pleura, resulting in partial 
phagocytosis and clearance from the lungs (Stellaa, 
2011). CNT are thought to have physiologically 
hazardous consequences because to their 
biopersistent and nonbiodegradable nature, as well 
as their similarity to needle-like asbestos fibres 
(Lam, James, McCluskey, & Hunter, 2004).The 
prooxidant effects of CNT are caused by 
physicochemical factors such as particle size, 
surface modification, metal presence, surface 
reactivity, and surface charge. CNT-induced 
oxidative stress has been linked to frustrated CNT 
phagocytosis(Stellaa, 2011). 
 

Oxidative Stress Caused by Carbon 
Nanotubes 

Among the most commonly reported toxicity 
outcomes for CNT is the creation of oxidative 
stress (ROS), which can be beneficial or 
detrimental during biochemical processes. The 
effects of internalised CNT on aerobic metabolism 
or the reduction of antioxidant components within 
the cell may lead to oxidative stress directly or 
indirectly through CNT-induced active oxygen 
species materials into the environment and inside 
the cell (Park, Choi, Park, & Park, 2008). 

Mitochondrial failure is the most plausible 
mechanism for CNT-induced oxidative stress and 
pulmonary damage (Shvedova et al., 2008). The 
presence of transition metals and particular 
reactive groups on the CNT surface, as well as 
incomplete phagocytosis of CNT, are all important 
causes of ROS formation. Metal impurities added 
into CNTs during synthesis, such as Fe, Co, and 
Ni, are important drivers of CNT-mediated ROS 
response (Le Goff, Holzinger, & Cosnier, 2011) 
(Warheit et al., 2004). 

 
Approaches to Access Oxidative Stress in 
Clinical Sample 

Measurement of Reactive Oxygen Species 
Directly 

The primary molecules responsible for the 
negative consequences of oxidative stress are 
reactive oxygen species (ROS). One method of 
determining oxidative stress situations is to 
measure their cellular levels directly. The use of 
fluorogenic probes is one approach to determine 
the cellular levels of ROS (Schieber & Chandel, 
2014) (Ubezio & Civoli, 1994). Superoxide 
molecules (O2), on the other hand, may be 
identified after staining with dihydroethidium, a 
fluorescent probe (DHE). Ethidium bromide 
decreased with sodium borohydride is similarly 
permeable to living cells. DHE is immediately 
converted to ethidium bromide by the superoxide 
anion inside the cells, which then fluoresces. The 
red fluorescence, which is measured at 488 nm and 
585 nm, is thus thought to be proportional to the 
intracellular anion levels of superoxide (Benov, 
Sztejnberg, & Fridovich, 1998). The derivatives of 
all reactive oxygen metabolites (D-Roms) assay, as 
published by Trotti et al., is another approach to 
measure ROS compounds such as hydroperoxides 
(R-OOH), notably in blood (Trotti, Carratelli, & 
Barbieri, 2002) (Marnett, 1987). 
 

Oxidative Stress Markers 

A biomarker, often known as a marker, is a 
chemical substance or cellular event that serves as 
a biological status indicator. Markers are used to 
determine the amount of reactive oxygen species 
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in the body. 
 

Oxidized DNA Damage Markers 

The hydroxylation of deoxyguanosine residues 
produces 8-hydroxy-2′-deoxyguanosine (8-
OHdG), is one of the most common oxidative 
changes into DNA. Enzymatic repair mechanisms 
may remove 8-OHdG residues from DNA, 
allowing them to circulate in the bloodstream and 
be excreted in the urine. 8-OHdG levels in 
patients' blood and/or urine can thus be used as a 
marker for oxidative DNA damage. 8-OHdG may 
be identified and quantified in urine samples using 
HPLC and GC-MS techniques (Akçay, Saygılı, 
Andican, & Yalçın, 2003).  
 

Oxidized Protein Damage Marker 

Using Western Blots Kits to detect selectively 
oxidized protein. 2, 4-Dinitrophenlyhydrazine 
(DNPH) kits are the most popular means of 
identifying oxidized proteins. The DNPH kit uses 
a western blot to identify DNPH carbonyl 
conjugates that are generated by attaching to an 
anti-DNP antibody (Levine et al., 1990). 

The DNPH kit uses a western blot to identify 
DNPH carbonyl conjugates that are generated by 
attaching to an anti-DNP antibody (Mesquita et al., 
2014). 
 

Lipid Peroxidation Markers 

Lipid peroxidation has long been employed as a 
marker for ROS-induced cell membrane damage 
(Halliwell & Gutteridge, 1986). The oxidative 
breakdown of lipid membranes is known as lipid 
peroxidation. It's a three-step chain reaction in 
which free radicals steal electrons from lipid cell 
membranes, causing cell death and oxidative 

stress. Lipid peroxides are unstable and 
breakdown into reactive by-products when 
exposed to air. Lipid peroxidation markers are 
used to identify a frequent lipid peroxidation by-
product. These tests check for malondialdehyde 
(MDA),4-hydroxynonenal (4-HNE), and acrolein, 
among other compounds (Marshall, Warso, & 
Lands, 1985). 
 

A New Biomarker Caused by Neutropihils 

Hypochlorous acid (HOCL) and hypobromus acid 
are formed by myeloperoxidase (found in 
neutrophils) and eosinophil peroxidase (found in 
eosinophils). These reactive metabolites are 
necessary for the synthesis of 3, dibromotyrosine, 
which may be employed in oxidative stress 
immunohistochemistry (C.-C. Huang et al., 2010). 
 

Antioxidant Assay 

The antioxidant system in the body helps to 
counteract the detrimental effects of oxidative free 
- radical.  When the ratio between antioxidants and 
ROS radicals, known as redox homeostasis, is 
disrupted, oxidative stress emerges. This 
prooxidant and antioxidant equilibrium can be 
altered by enhanced free radical generation, 
antioxidative enzymes inhibition, or high 
antioxidant consumption. As a result, clinical 
samples' concentrations of oxidative stress can be 
related to antioxidant status  (Halliwell & 
Gutteridge, 1986). 

We test the antioxidant's activity by 
comparing its absorbance to a known quantity of 
uric acid. Put uric acid in a well, dilute it, add 
antioxidants, copper, and a chromogen, and 
monitor activity (by measuring absorbance of the 
well)  (McCord & Fridovich, 1969). 

 

Assay used to Measure Reactive Oxygen Species (Mesquita et al., 2014) 

Techniques Mechanism 

Fluorescent dye 
2,7-dichloro“fluorescin 
(DCFH) 
 

The dye is produced as a diacetate precursor in this assay, which is cleaved by 
high pH to produce the non-"fluorescent product DCFH .The presence of ROS 
changes DCFH to a “fluorescent product, 2,7dichloro"uorescein, which may 
also be detected by "Fluorimetry." 

Plasmid assay This test involves the unwinding and interpolation of a twisted bacterial DNA 
plasmid to detect free radical and/or ROS consumption. 
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Techniques Mechanism 
DCFH assay ROS creation by carbon-black nanoparticles was amplified in the case of metal 

salts such as Ferric chloride, FeSO4, and Copper sulfate, according to the 
DCFH test, showing that nanomaterials and metal ions interacted to promote 
Production of ROS. 

 
Conclusion 

 This article addresses the pathways involved of 
NP-induced osmotic damage.With regard to the 
oxidative stress paradigm, we focus on the toxicity 
of metal oxide NP and CNT. The main causes of 
NP-induced oxidative stress are (a) the oxidative 
characteristics of the NP and (b) the formation of 
oxidants when the NP interacts with cellular 
material. The physicochemical features of NP, 
such as surface reactivity, particle size, surface 
charge, chemical composition, and the presence of 
transition metals, are responsible for their direct 
prooxidant effects. As a result, comprehensive 
physicochemical property characterization is 
required to assure the safe design and fabrication 
of NP. ROS caused by NPcell contact, on the 
other hand, is mediated by immune cell activation, 
mitochondrial respiration, and the NADPH 
oxidase system, among other processes. Cell 
membrane destruction, lipid peroxidation, protein 

denaturation, and changes in calcium homeostasis 
are the main pathophysiological effects of 
oxidative assaults caused by metal 
NPs.Furthermore, the results of the review paper 
imply that CNT-induced oxidative stress is a sign 
of CNT's pulmonary toxicity. The activation of 
these signalling pathways over time has clinical 
implications. Engineered.NP causes redox 
imbalance, which leads to pathophysiological 
effects such genotoxicity, inflammation, fibrosis, 
and carcinogenesis.Understanding the molecular 
and cellular processes of NP-induced oxidative 
stress is critical because it will lead to creative 
techniques for reducing the toxicity of modified 
NP.It also involves the implementation of strict 
processes for assessing the oxidative potential of 
synthesised NP before to commercialization. 
Identifying the key cellular targets for NP-induced 
ROS would help to make NM safer to develop and 
produce in the market. 
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